Introduction: Developmental coordination disorder is a neurodevelopmental disorder affecting motor ability, with an estimated prevalence of between 2% and 6% in school-aged children. It is associated with considerable psychosocial impact. However, the financial cost this poses to families and society has never been assessed. We aimed to estimate the direct, indirect and out-of-pocket costs associated with developmental coordination disorder in United Kingdom school-aged children in the 6 months prior to our survey.
Introduction

DCD
Developmental coordination disorder (DCD) is a neurodevelopmental disorder with an estimated prevalence of between 2% and 6% in school-aged children (APA, 2013; Lingam et al., 2009) . Although DCD is primarily defined by motor difficulties, associated symptoms and consequences have been noted including: reduced fitness levels; increased risk of being overweight or obese; difficulties with executive functioning; reduced educational achievement; poor social functioning; increased risk of negative self-concept and increased risk of mental health difficulties, particularly anxious and depressive symptoms (Cleaton and Kirby, 2018) . This results in both children with DCD and their parents having reduced quality of life (Cleaton et al., 2019; Wuang et al., 2012; Zwicker et al., 2013) . Individuals with DCD have also noted strengths and abilities, including empathy (Tal-Saban and , resilience (Missiuna et al., 2008) , humour (Missiuna et al., 2008) and creativity (Everatt et al., 2008; Missiuna et al., 2008) .
Although once thought of as a childhood condition, it is now accepted that DCD is typically a lifelong disorder. Approximately 70% of individuals continue to demonstrate significant motor difficulties through adolescence and into adulthood (Losse et al., 1991) , both with skills learned in childhood such as activities of daily living and handwriting (Kirby et al., 2008) and new skills such as learning to drive (Kirby et al., 2011) . Difficulties with executive functioning also persist (Tal-Saban et al., 2014a) , as do mental health and self-esteem problems: adults with DCD report lower levels of life satisfaction, participation and quality of life, and higher levels of anxiety and depression (Hill and Brown, 2013; Kirby et al., 2013; Tal-Saban et al., 2014b) . There is also evidence of higher rates of depression affecting unemployed people with DCD (Kirby et al., 2013) .
The cost of DCD
The wide range of symptoms and consequences associated with DCD suggests there could be a significant societal cost associated with the condition, not only with respect to direct healthcare costs for services such as occupational or physical therapy but also with regard to direct educational costs and indirect costs such as those resulting from cessation of work or reduction in the hours of work of individuals with DCD and their parents (Boccuzzi, 2003) . Additionally, there is likely to be a significant cost to the individual for people with DCD and their families, even within a United Kingdom (UK) context, where the majority of direct medical costs are borne by the state. However, to date we know very little about the economic cost of DCD as no studies have estimated either the direct or indirect costs.
Without estimates for these costs, it is impossible for a variety of services (healthcare, education, benefits for the disabled and jobseekers, etc.) to create evidencebased policies regarding current and future service needs and costs. Likewise, it is impossible for researchers to accurately and comprehensively calculate the relative costs and benefits of new and existing therapies or management plans for individuals with DCD. Thus, there is a need for cost-of-illness studies regarding DCD.
We undertook a cost-of-illness study focusing on children with DCD aged 6-18 years and their families in the UK. We used the human capital approach, calculating both the direct medical costs associated with childhood DCD and the indirect costs due to the effect childhood DCD has on parental earnings. We also considered the effect childhood DCD has on educational costs and parental out-of-pocket costs.
Method
Sampling and procedure
Participants were recruited to answer an online questionnaire regarding the economic impact of DCD via: the client list of the Dyscovery Centre, University of South Wales; an advertisement on the Dyspraxia Foundation's website and at local DCD/dyspraxia support groups; and advertisement by the authors on social media. Participants were aged 18 years, resident in the UK and the parent/guardian of a child diagnosed with DCD/dyspraxia who was between 6 and 18 years old.
The online questionnaire consisted of demographic questions, resource-use questions adapted from the Client Service Receipt Inventory (Beecham and Knapp, 2001) , family-and individual-specific quality of life questions, questions regarding psychosocial impact and an open-ended question for recording further comments (Appendix A available online).
The survey ran from February to April 2018, inclusive. Results from the quality of life and psychosocial impact questions are reported elsewhere (Cleaton et al., 2019) .
All procedures performed in this study were in accordance with the ethical standards of the institutional and/ or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Ethical approval for the study was granted in 2018 by the Faculty of Life Sciences and Education Low Risk Ethics Committee at the University of South Wales. Written informed consent was obtained from all participants.
Participants
A total of 328 eligible parents/guardians completed the online questionnaire (Table 1) . Respondents were predominantly female. More than half of respondents were university educated and three-quarters were married or in a civil partnership. However, less than a third were in full-time employment.
Respondents had an average of two children, at least one of whom had DCD (Table 1) . Respondents answered questions relating to their child with DCD. If they had more than one child with DCD, questions were answered regarding their eldest child with DCD who was within the age range of interest (6-18 years). These children were evenly distributed between ages 6-18 years ( Figure 1 ) and were predominantly male (Table 1) ; 52 (15.9%) had a co-occurring diagnosis of autism spectrum disorder (ASD).
Client Service Receipt Inventory (CSRI)
The CSRI is a widely used instrument for collecting resource-use data (Beecham and Knapp, 2001) . It was adapted for use in this study by selecting specific questions and adding prompting to questions with suggestions relevant to DCD therapy, management, and/or challenges such as attending occupational therapist appointments or buying specific adaptive equipment (online Appendix A). Data were collected regarding the child's accommodation, education, and use of all hospital and community-based medical services (both public and private) over the 6 months prior to the survey. Respondents also completed questions regarding the financial costs associated with the effect the child's DCD had on parental earnings. Both medium-term (for example time taken off work in the last 6 months to attend medical appointments) and longer term (for example moving from full-time to part-time employment) effects were collected. Additionally, data were collected regarding parental out-of-pocket costs, such as travel to medical appointments.
All resource-use data were DCD-specific. For example, respondents were asked 'In the last 6 months, have you seen any of the following [professionals] to treat or manage your child's DCD/dyspraxia and how often?' Thus, we attempted to exclude the possibility of counting general healthcare utilisation by children with DCD that was not over and above that of a typically developing child and that did not relate directly to the child's DCD.
Cost analyses
Costs were calculated for the 6 months prior to the survey for each respondent who incurred each type of cost, for example direct healthcare and social service costs. Mean costs were then estimated for the sample.
Direct healthcare and social service costs were calculated by combining service use data from the survey with unit costs, which were primarily derived from the Personal Social Services Research Unit (PSSRU) (Curtis and Burns, 2017) and National Health Service (NHS) reference costs (NHS Improvement, 2017) . Full details of all reference costs and the assumptions made during cost calculations are described in online Appendix B.
Indirect costs were calculated using the human capital approach, valuing both work and leisure time lost. The working wage was calculated from the Office for National Statistics (ONS) average weekly full-time wage for April 2017 (Smith, 2017) . The leisure wageequivalent was calculated using the UK National Minimum Wage for those aged 25 years and over between April 2017 and March 2018 (GOV.uk, 2017 and the ONS average hours worked per week in 2017 (Smith, 2017) . Time taken by the respondent and/or their partner to attend appointments to treat and/or manage their child's DCD was calculated and valued using these costs. The typical amount of time taken for an appointment was conservatively estimated to be a half-day. Out-of-pocket costs were summated using respondents' estimates.
All costs are shown for the financial year 2017/2018. 
Results and discussion
Direct costs: healthcare
Approximately half of children with DCD were reported to have used healthcare services to treat and/or manage their DCD in the past 6 months, although this was somewhat more common among children aged 6-11 years than among those aged 12-18 years ( The type of healthcare services used differed markedly with age. In particular, younger children were far more likely to have had occupational therapist, paediatrician or speech and language therapist (SLT) appointments in the past 6 months than older children. This is despite the fact that motor problems in DCD generally persist into adulthood (Losse et al., 1991) . Conversely, older children with DCD were more likely to have accessed mental health services such as the child and adolescent mental health services (CAMHS), a child and adolescent psychiatrist and/or a clinical psychologist. 
Other healthcare professional a 7 (4.0) 4 (3.4) Total
Any healthcare professional 98 (56.3) 53 (44.9) Any private healthcare professional b 25 (14.4) 7 (5.9)
Proportions not receiving therapy could not be calculated as respondents were permitted to not respond to question(s) as they wished. Additionally, due to this, some cases (n ¼ 36) are not reported as they did not include child age data. a This category included appointments with an audiologist, dentist, coach/mentor, conductive educator, geneticist, riding for the disabled and urologist. b All alternative medicine appointments are considered private appointments. All other appointments are considered to be via the NHS except where marked. GP: general practitioner; DCD: developmental coordination disorder; NHS: National Health Service This difference in service use between younger and older children resulted in differential costs of therapy/ management (Table 3) . Among those receiving any therapy, the mean cost of therapy/management during the 6 months prior to survey was £756 for children with DCD aged 6-11 years and £712 for children aged 12-18 years. When private healthcare was excluded, therapy/management costs during this period were £453 and £529, respectively. This was despite the fact that children aged 12-18 years were five times less likely to have seen an occupational therapist than younger children ( Table 2) , one of the primary forms of therapy/management of the motor aspects of DCD. The high healthcare cost of DCD in older children was predominantly driven by their use of mental health services, which accounted for 48.8% of the total cost and 65.7% of the public cost of therapy/management among children in this age group.
The higher use of mental health services among the older children may in part represent the longer-term psychosocial difficulties associated with a DCD diagnosis, as described by the Environmental Stress Hypothesis (Cairney et al., 2013) . Higher use of mental health services may also be related to the increased academic and social demands of secondary school. Children with DCD have previously been noted to perform less well at secondary school than their typically developing peers (Harrowell et al., 2018) . Another factor causing older children to require mental health services could be the lack of DCD services for this age group. This was noted by some respondents, for example:
There needs to be so much more support for older children/young adults . . . [named DCD charity], etc. seem aimed at children only. (Respondent 369) However, the differences in mental health service usage between the older and younger children in our sample may also be influenced by the fact that these two groups of children were not perfectly comparable.
In particular, only 13.8% of the children aged 6-11 years had a co-occurring ASD diagnosis, whereas 23.7% of the older children additionally had this diagnosis. Children with ASD are known to have a high prevalence (Simonoff et al., 2008) , a factor which may explain the differences in mental health service use between the younger and older children we sampled. Private healthcare was more commonly used by younger children than older children with DCD ( Table 2 ). The private healthcare professionals most commonly seen were occupational therapists, who were seen by 9.8% of children aged 6-11 years with DCD. Children who saw private occupational therapists also tended to see them for more sessions than NHS occupational therapists, resulting in higher average costs for private than NHS occupational therapy. This suggests that, at least among some parents, the typical NHS course of 4-6 occupational therapy sessions is seen as insufficient.
Emergency healthcare was used occasionally by children with DCD. Only eight (2.4%) of the children were reported to have used an ambulance in the 12 months prior to survey. Additionally, 27 (8.2%) had attended an accident and emergency (A&E) department during this period. The majority of children using emergency healthcare did so 1-3 times each. There are no comparable national estimates of the proportion of children who attend an A&E department or use an ambulance in a given 12-month period.
One respondent reported her child had been to a fracture clinic five times in the 12 months prior to the survey. It is difficult to determine if this represents an elevated rate of emergency healthcare usage compared to the 6-18-year-old age group as a whole as national statistics only record the total number of A&E visits or ambulance trips, rather than the number per child. However, adults with DCD have been demonstrated to have a high risk of falls (Scott-Roberts and Purcell, 2015) . It is plausible that children with DCD may have similar problems.
Direct costs: education
Most children with DCD in our survey attended a mainstream state school, although small minorities attended mainstream fee-paying schools or colleges (Table 4) . However, nearly half of these children received supplementary small group support in their classes. More than a quarter of these children had an Education, Health and Care Plan (EHCP), a legal document that is issued to children and young people with special educational needs that require more help than would normally be provided by mainstream education (DfE, n.d.) . This contrasts strongly with English national data: 2.9% of the school population in 2018 had an EHCP and 14.6% had any form of recorded special educational need (DfE, 2018b) . In addition to being more likely than the average child to have an EHCP, 30.2% of all respondents had seen a special educational needs coordinator in the past 6 months regarding their child's DCD, and 6.1% had seen an educational psychologist. Therefore, although nearly all children with DCD attend some form of mainstream education, they receive a larger proportion of resources within these mainstream schools than the average child. This is despite the fact that only 15.9% of the children sampled (and only 23.3% of those with an EHCP) had a co-occurring ASD diagnosis.
In contrast, only 10.4% of the surveyed children with DCD received private tuition at home -less than half the national rate (The Sutton Trust, 2015) . This is despite our sample predominantly consisting of university-educated, likely higher-income families, whose children would be expected to have higher-than-average levels of private tuition (Jerrim, 2017) . It may be that the parents of children with DCD underspent on their child's education compared to similar parents of typically developing children, perhaps because they have little money to spare due to the effect having a child with DCD has upon family finances (see 'Out-of-pocket expenditure' and 'Indirect costs'), Or, it may be that parents feel that attending healthcare appointments leaves their child little time for private academic tuition. Alternatively, it is possible that parents may see their child with DCD as more disabled and/or less capable and focus on gaining occupational therapy instead of improving their academic skills.
Direct costs: social services
Few of the parents surveyed were in contact with social services for their child with DCD. Only four (1.2%) had contact with home help or a care worker, one (0.3%) used day centre care for their child and seven (2.1%) had been in contact with a social worker in the 6 months prior to the survey. This is in contrast to the English national average of 4.8% of children aged under 18 years being referred to social services in 2016 (DfE, 2018a ONS, 2018) . The below-average rates of social services contacts among our sample may be related to respondents' high level of education (Table 1) and thus their likely above-average socioeconomic status. Social class has been demonstrated to be a strong predictor of social service contact among English young people aged 14-16 (Henderson et al., 2016) and this is likely to be true of younger children, too. Those parents we surveyed who were in contact with home help or a care worker had 10-16 contacts in the previous 6 months, whereas those who were in contact with a social worker had 1-10 contacts in the previous 6 months, though typically only one or two. Overall, this represents a modest mean expense across the whole sample of £3.01 per child for home help and/or care workers and £3.78 per child for social workers in the 6 months prior to the survey.
Direct costs: criminal justice services
Very few of the children with DCD had been in contact with the criminal justice services in the 6 months prior to the survey (n ¼ 3, 0.9%). Of these, two children had one and two non-overnight contacts with police, respectively. Thus, the majority of these very infrequent contacts were also low-cost ones. This, too, may be related to the higher socioeconomic status of our respondents, as studies have found a link between poverty, offending and, in particular, repeat offending and violent offending (McAra and McVie, 2016) . Alternatively, the low rates of offending among these children with DCD may be due to DCD being associated with greater social isolation (Kirby et al., 2011) .
Out-of-pocket expenditure
In addition to the direct costs incurred by society, parents/guardians also incur out-of-pocket costs due to their child's DCD (Table 5 ). More than half of respondents reported having bought specific equipment and/or sessions for their child with DCD. Approximately a third had out-of-pocket costs associated with attending healthcare appointments, such as paying for travel, parking, babysitters and meals. A similar proportion had out-of-pocket costs due to replacing items lost by their child with DCD. In the open-answer question, parents frequently mentioned the cost of clothes and shoes for their child with DCD, for example due to sensory issues or their child falling frequently and damaging items. Other costs mentioned included additional (private) academic tutors, sports clubs (to improve coordination and fitness), computer equipment (likely to compensate for difficulties with handwriting), and assistive devices such as specialist cutlery and writing equipment.
Among parents with each type of out-of-pocket expenditure, the costs were highly variable (Table 6) . Median out-of-pocket expenses associated with attending healthcare appointments were £93 in the 6 months prior to the survey, whereas paying for specific equipment or sessions and covering the cost of property damage/breakages, cleaning and lost items were a median of £100 each during this period. It should be noted that, although we requested respondents to only report out-of-pocket expenses relating to their child's DCD, some of these expenses may also be experienced by parents of typically developing children. Proportions not incurring out-of-pocket expenses could not be calculated as respondents were permitted to not respond to question (s) as they wished. DCD: developmental coordination disorder
Indirect costs
Indirect costs include parental/guardian loss of work (absenteeism) and changes to parental/guardian employment due to their child's DCD. The former represent medium-term indirect costs, the latter long-term ones. When taking the human capital approach, indirect costs also include parental/guardian loss of leisure time. We attempted to measure indirect costs that directly related to the child's DCD and were, thus, over and above that of a typically developing child. However, it is difficult to be confident that this was entirely achieved as parents of all children experience indirect costs and parents may find it difficult to distinguish those relating specifically to DCD. Among those respondents whose child received any therapy, the average indirect cost in the 6 months prior to the survey were £387 (95% CI £264, £509), or £574 (95% CI £421, £726.27) when taking the human capital approach. The indirect expenses were highly negatively skewed; this is likely to be because, among the respondents whose children received any therapy, 31.3% 'never' took time off work to attend these appointments and a further 10.2% only took time off work 'occasionally'. Thus, the indirect expenses represent a moderate cost. In comparison, among UK children with ASD aged 4-17 years, the average parental productivity loss per year was estimated to be £5,314 in 2011, irrespective of whether the child had co-occurring intellectual disability (Buescher et al., 2014) . This calculation was based on the assumption that parents of children with ASD work 7 hours per week less than parents of children without ASD. Another study looking at UK children with ASD aged 24-60 months reported mean parental productivity loss of £275 in the 6 months prior to interview, an estimate based on parents' reported time off work in this period (Barrett et al., 2012) .
Comments from our respondents suggested that in many cases their ability to attend appointments whilst rarely taking time off work was facilitated by long-term changes made to their working practices in response to their child's DCD. As we report elsewhere, significant proportions of respondents reported reducing their work hours, choosing a different job or career, swapping full-time work for part-time work and/or stopping work altogether due to their child's DCD (Cleaton et al., 2019) . For many, even part-time work was incompatible with caring for a child with DCD:
I worked a few hours a week under the Carer rules but due to his [child with DCD] appointments I couldn't be relied upon so had to give it up. (Respondent 75) This almost certainly will have resulted in long-term indirect costs for these families (and society). Recent research regarding Northern Irish parents of children with ASD suggest that they face similar challenges. Almost half of these parents either left employment, reduced their working hours or limited their occupation choices due to caring responsibilities for their child (Dillenburger et al., 2015) . However, in the absence of longitudinal data, the long-term indirect costs DCD or other neurodevelopmental disorders have on family income are difficult to calculate. They have not been included in this study.
The change in working status experienced by many respondents may well have had an impact on the other costs recorded. For example, the indirect costs of healthcare appointments may have been lessened as respondents may not have had to take time off work to attend them. The loss of earnings experienced by the family following respondents' change in working status may have affected families' choices with regards to accessing private healthcare, hiring private academic tutors, and/ or purchasing specific equipment and/or sessions for their child out-of-pocket.
Income benefits and allowances
Income benefits and allowances are not normally noted in cost-of-illness studies as they are transfer payments Table 6 . Cost of out-of-pocket expenditure to respondents in the 6 months prior to the survey, among those who reported incurring outof-pocket costs. and thus represent a redistribution of society's resources rather than a cost per se. However, they are important when considering the individual or family cost of an illness and thus are reported here. More than a quarter of respondents received Disability Living Allowance for their child with DCD (Table 7) , a tax-free state benefit consisting of a care component (£1,144, £2,894 or £4,321 per annum, depending on level of need) and a mobility component (£1,144 or £3,016 per annum, depending on level of need). This is far higher than the English national average of 4.2% of children aged 5-17 years being in receipt of Disability Living Allowance (ONS, 2017 (ONS, , 2018 . Thus, families of children with DCD do appear to receive some financial state assistance. These cases could not be solely attributable to co-occurring ASD. Among the children with DCD receiving Disability Living Allowance, 52 (57.1%) did not have cooccurring ASD; 4 (4.4%) did not state if they had cooccurring ASD. Few respondents received any other financial support for their child, although 11.0% of respondents received other financial support for themselves or their family as a whole, predominantly Carer's Allowance, a state benefit of £3,229.20 per annum, given to those who spend 35 hours per week caring for someone in receipt of certain state benefits. In line with our expectations based on parental education, only 1.8% reported receiving Working Tax Credits and only 0.6% of respondents reported receiving Child Benefit. The former is a meanstested benefit for low-income workers. The latter is a universal benefit but is heavily taxed if either parent's income is over £50,000 per annum; hence, high-income families may not receive it.
Limitations
This study employed a convenience sampling method and focused on children aged 6-18 years. Respondents predominantly had a high level of education and were married (Table 1) , which may have affected their economic choices, such as their ability to change their employment status. Additionally, as this study was cross-sectional rather than longitudinal, the economic impact of long-term changes in employment status could not be calculated. This means our estimates may be marked underestimates. Indeed, one respondent noted anecdotally that she had lost £42,000 per annum due to changing her employment status as a result of her child's DCD. However, it is possible that our estimates of changes to work practices are skewed by the convenience sampling method. Parents who have changed their work practices may have more time available and therefore may have been more likely to answer our questionnaire.
As respondents were permitted to not respond to question(s) as they wished, the proportion of respondents not using particular services or not incurring particular expenses could not be calculated. It was decided to permit respondents to skip questions so that respondents would have a choice about answering potentially personal questions. It was hoped this would increase the number of completed surveys.
A replication study containing a representative sample of respondents may be helpful to determine if the effect of having a child with DCD has upon family and societal costs depends on socioeconomic status and/ or family income. A study comparing the costs experienced by parents of children with DCD to a control group of parents of typically developing children would be useful to clarify whether the costs recorded are specific to children with DCD. Additionally, an investigation of the systemic/social barriers and unmet service needs of older children and adults, and whether reducing these will affect economic costs and/or quality of life, would be pertinent given the level of unmet service needs suggested by this study. This may require an investigation of how occupational therapists may best support older children and adults with DCD.
Conclusion
This study represents the first cost-of-illness study for DCD. It focuses on UK children aged 6-18 years and their families. This work allows an initial understanding of the economic impact that DCD has upon the family and society. The results of this work provide information to a variety of public services including healthcare, education and benefits. This will enable governments and other stakeholders to make evidence-based plans regarding current and future service needs and costs. At the same time, researchers in the field can begin to accurately and comprehensively calculate the relative costs and benefits of new and existing therapies or management plans for individuals with DCD.
This study demonstrates that DCD incurs a significant cost to families and that children with DCD make use of a variety of healthcare, education and benefit services. In particular, children with DCD often have an EHCP to ensure they are supported at school, often receive help in a small group for classes at school and are often in receipt of Disability Living Allowance. This service use occurs in children without co-occurring ASD as well as those with this condition. As well as these general observations, the results of this study suggest there may be differences between younger and older children in terms of the usage and availability of traditionally DCD-associated services, such as occupational therapy, and other services, such as CAMHS. In particular, greater usage of and costs related to occupational therapy were reported for younger children, whereas greater usage of and costs related to CAMHS were reported for older children. It will be interesting to determine if this relationship remains when co-occurring conditions such as ASD and attention deficit hyperactivity disorder (ADHD) are appropriately controlled for. However, it suggests that there is a lack of occupational therapy available for older children with DCD and that occupational therapy services should consider longer-term follow-up for children with DCD. Further studies on a broader population of parents of children with DCD will need to be undertaken to understand if these findings are transferable across all socioeconomic groups and family incomes. An assessment of the current economic impact of DCD in adults is also essential, as DCD is a lifelong condition in most individuals.
Qualitative comments from the survey demonstrate that children with DCD frequently struggle to access services. This suggests that the figures reported in this study do not represent the level of need in this population. Improving the knowledge about DCD of front-line staff such as GPs and teachers, and improving the diagnosis pathways and post-diagnosis service provision for individuals with DCD, is therefore much needed to ensure that children with DCD and their families have access to appropriate services, to minimise social and economic costs.
Key findings
• Childhood developmental coordination disorder (DCD) is associated with considerable direct, indirect and out-of-pocket costs, most of which fall on parents/guardians.
• Parents/guardians frequently struggle to access services; thus, this study may markedly underestimate need.
What the study has added
This study represents the first cost-of-illness study for DCD worldwide and demonstrates the considerable direct, indirect and out-of-pocket costs associated with this condition in childhood, many of which fall on parents/guardians.
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